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Why Study Renewable
Energy Alternatives
Scientific Need:
●

As the human population increases the demand for energy increases.

●

Today’s students are tomorrow’s engineers, mathematicians, politicians and
scientists. They will determine our future as a nation.

●

The NSF RET grant will provide my students the opportunity to interact with
cutting edge technology, problem solve real world issues affecting their families,
and explore solutions to those problems. Through the program they will become
interested in STEM fields and discover that they are innovators within our
community.
3

Why Study Renewable
Energy Alternatives
Societal Needs:
Globally
●
●
●
●

dramatically reduces greenhouse
gas emissions
improves public health
provides jobs and other economic
benefits
dramatically reduce the water
requirements for power production
compared to fossil-fueled power
plants.

Locally
●
●

Reduce energy consumption
and utility costs
Determine the best
alternative(s) for our
communities.
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Lab Safety
●
●
●
●
●
●
●
●
●

Abide by all lab safety rules.
Report all emergencies to your instructor.
NO horse play in lab.
Do not attempt to move an injured person.
Do not attempt to clean up any bodily fluids under any
circumstances.
In case of fire evacuate the premises immediately.
Students are not permitted to operate the tunnel or work in the lab
without the supervision of the instructor.
Use the buddy system and watch out for other people. If you are
aware of an unsafe situation, please report it to your instructor.
Use appropriate safety equipment for the task at hand (i.e. safety
glasses, ear protection, etc).
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Lab Safety
●

For any lab, wear covered shoes, long pants, and
keep your hair up so it can't fall into your
experiment or a flame.

●

Make sure you wear school provided protective
gear, as needed, ie. safety goggles, gloves, hearing
protection, and other items, depending on the
nature of the experiment.
Click picture for lab
safety video
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Introduction
● The primary sources of renewable
energy include Biomass, Ethanol,
Biodiesel, Hydropower, Geothermal,
Solar, and Wind.
● Wind turbines are utilized to transform
the kinetic energy of wind into
electricity.
● With the growing interest in wind
energy, finding the most efficient array
is crucial to the turbine efficiency and
energy optimization.

U.S Energy Facts Explained. (2018, May 16).
7

Benefits of Wind Energy
•
•
•
•

Renewable energy.
Plentiful.
Non-toxic.
Reduces the consumption of fossil
fuels.
• Creates wealth and local
employment.
• Contributes to renewable
development.
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This entire assembly
stands about 265 feet
high. The nacelle is about
the size of a double
decker bus, weighing
about 100 tons
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Wind Turbine
Pros
● Domestically available
year-round
● No greenhouse emissions

Cons
● High installation cost
● Consistent wind velocity
required for stable electricity
generation

● Cheapest form of energy
● Dangerous for birds
● Never-ending supply
● Sound pollution (average
50-60 dB per turbine)
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Types of Wind Turbines
Turbines can be categorized into 2 classes, based on the orientation of the rotor.

Vertical Axis Wind Turbine (VAWT)

Horizontal Axis Wind Turbine
(HAWT)
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Vertical Axis Wind Turbines
Pros
Cons
●

Accepts wind from any direction

●

●

Requires lower wind speed

●

●

Can be mounted at ground level
○ Ease of service
○ Lighter weight

●
●
●

●

Theoretically, less materials
required to capture the same
amount of wind

●

Rotors are generally near the ground
where winds are poorer
Centrifugal force causes added stress
on the blades
Poor self-starting capabilities
Top of turbine rotor requires added
supports
Entire rotor must be removed in the
case of bearings needing to be
replaced
Poor performance and reliability
overall
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Horizontal Axis Wind Turbines
Pros
Cons
●

Higher efficiency

●

Highly developed

●

Used in all large-scale wind
farms

●

Only suitable for locations with
extremely strong, gusty winds

●

Dependent on wind direction

●

High manufacturing cost

●

Complicated manufacturing process
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Parts of a Wind Turbine

Cross-section of a Horizontal Axis
Wind Turbine

14

What is a wind farm?

Mt. Lucas Wind Farm
in Offaly, Ireland

15

What is a wind farm?

Wind
blows...

...across
the
windmills
(rotors) ...

...to turn the
blades of
huge turbines
...

… which spin
generators to
create
electricity.

A transformer
then increases
the voltage to
send electricity
over ...

...distribution
lines. Then
local trans
-formers
reduce the
voltage...

...for
you to
use.
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Motivation for Research
Wind energy is rapidly gaining
attention and popularity worldwide. In
an attempt to best utilize the land for a
wind farm and harvest optimal energy,
it is crucial to know and understand
how the layout (array) affects the
production of energy from wind.
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Purpose of Research
The purpose of this research was to determine whether energy
(power) output is affected by the orientation of the wind turbines
within an array, in order to optimize efficiency.

Square Array

Row of Arcs

Fan Array
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How does a wind tunnel work?
●
●
●
●

Blades pull air in through an inlet (this circular motion causes
turbulence).
Next, the air then goes through a wide-angle diffuser to reduce the
turbulence.
The air then flows through a screen honeycomb (settling
chamber),forcing the wind into a laminar (layered) flow.
Lastly, the air enters the contraction section, where it is constricted
to increase wind speed and pushed into the test section.
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Georgia Southern’s Wind Energy Lab
(GSWEL)

Wind Tunnel
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Design
● A sketch was drawn
○ measuring casters
attached to 5 cm x 10 cm
(2”x4”) blocks, ¾”
plywood, a ¾” galvanized
floor flange, a 93.3 cm
(36.73”) galvanized metal
support rod, and the wind
turbine.
● The center of the turbine was
constructed to line up with the
center of the wind tunnel at 104
cm (40.95”) from the floor.
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Design
● Measurements were made for an array of five turbines.
● ¾ inch plywood was measured and cut at 60.96 cm x 121.92
cm (24” x 48”) in order to match wind tunnel width of 24”
● The four array configurations to be tested were drawn on
the plywood.
○ The rows within the arrays were set 25.4 cm (10”) apart,
in order to optimize the space of the platform to hold the
5 turbines
● 5 - ¾” galvanized floor flanges were then set with nuts, bolts,
22
and washers in the 4 various arrays.

Methods
• 5 “Cutting Edge Power” wind
turbines were tested in four different
configurations.
– The blades on each turbine
measure 31.75 cm (12.5”)
• The total energy output was
measured using INA219 current
sensors
• Custom software code designed and
written by Matthew Kiernan
collected the data into an Excel file.

INA 219 Current Sensors
were connected to the
turbines

Using the anemometer to test wind
speed for Single File array test.
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Influences on Our Decisions for
Array Configurations

Aerial view from the Southwest of
wake clouds at Horns Rev, Denmark,
February 12, 2008

Computer enhancement of turbulence
wake caused by wind turbines.
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Decisions for Array Configurations
●

The group brainstormed on various configurations and determined that the tests
should be performed on 4 arrays.

●

It was hypothesized that the Single File array would be the least efficient based on
the wind flow being restricted by the turbines in front of each other (see slide 18).

●

Other designs adopted were based on the goal of maximizing the wind flow to each
turbine in the following arrays
Single File
2-1-2
Diagonal
Left-Right Staggered
25

Array Configurations
Single File Array
• Wind turbines are arranged in a
single row, one behind the next, 25.4
cm (10”) apart.
• Front turbines are placed 15.24 cm
(6”) from the front edge of the
platform.
• Average Power Output = 451.05 mW
• Power Coefficient = 18.31%
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Array Configurations
2-1-2 Array
• Wind turbines are arranged with 2 placed
15.24 cm (6”) from the front of the
platform, 1 in the middle, and 2 more
15.24 cm (6”) from the rear of the
platform.
• The pair of front and rear turbines are
66.04 cm (26”) apart - to avoid blade
overlap.
• The distance between each row is 50.8 cm
(20”).
• Average Power Output = 900.92 mW
• Power Coefficient = 32.64%
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Array Configurations
Left-Right Staggered
● Wind turbines are arranged in a staggered
array from left to right, one per row.
● The diagonal distance from front row left to
second row right is 41 cm (16.14”), with 25.4
cm (10”) between each row.
● The turbines on the left and right row
are 48.5 cm (19.09”) apart, respectively.
● Average Power Output = 838.08 mW
● Power Coefficient = 32.13%
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Array Configurations
Diagonal
● The diagonal distance between
turbines is 26 cm (10.24”).
● Rows are 25.4 cm (10”) apart.
● Average Power Output = 789.07
mW
● Power Coefficient = 29.54%
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LR Staggered Test Video

LR Staggered Array during
testing in GSU’s Wind Tunnel.
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Results
Average Output (After 3 3-minute Trials Per Array)
Unit /
Array

Single File

LR
Staggered

2-1-2

Diagonal

Power
(mW)

451.05

838.08

900.92

789.07

Current
(mA)

137.69

208.47

440.73

200.66

Voltage (V)

2.79

3.9

3.98

3.75
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Results

Single
File

LR
Staggered

2-1-2

Diagonal
32

Results

Single
File

LR Staggered

2-1-2

Diagonal
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Results

Single
File

LR
Staggered

2-1-2

Diagonal
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Results
●

The tests conducted through our research
concluded that the 2-1-2 array utilized the
most kinetic energy from wind, at 32.64%.
○ The Betz Limit is the theoretical
maximum efficiency of a wind
turbine. It was concluded to be 59.3%,
meaning that no more than 59.3% of
the kinetic energy from wind can be
used to spin the turbine and generate
electricity.

●

By comparison, these results make our
research and findings plausible.

Single
File

LR
Staggered

2-1-2

Diagonal
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Conclusion
• Wind turbine efficiency is decreased by wake turbulence created by
the turbines.
– The 2-1-2 array performed with the highest output efficiency
because of the highest decrease in wake due to the increased space
between rows.
– The Left-Right Staggered array performed with the second
highest efficiency because of the decreased wake due to the
staggered configuration.
– The Single File array was the least efficient due to the high
amount of wake caused by the configuration.
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Conclusion

Most Efficient
2-1-2

2nd Most Efficient
Left-Right Staggered
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Recommendations
● For optimal efficiency, it is recommended to use the 2-1-2 array
because of the highest decrease in wake due to the increased space
between rows.
● Also, the Left-Right Staggered array is recommended because of the
decreased wake due to the staggered configuration
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Limitations
• Based on experimental data, it was observed
that a higher quality wind turbine would
likely produce less ambiguous results by
reducing the amount of variation within the
readings.

PCB

• It was also observed that a printed circuit
board (PCB) rather than a breadboard would
provide a secure electrical connections to
minimize variations in the readings.
Breadboard
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South Effingham High School

South Effingham High School houses grades 9-12 and is one of two public high schools located
in Effingham County, Georgia, northwest of Savannah.
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Effingham County Demographics
• Target Audience – High School
• 60,058 Total Population
• 1,594 in South Effingham High school
• 21.7% Minority* (African American,
American Indian, Hispanic, Asian)
• 19.7% minority in school
• 9.6% in Poverty
• 26.2% free and reduced lunch
• 87% HS graduate or higher
• 19.2% bachelor's degree or higher
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia
SEV3. Obtain, evaluate, and communicate information to
evaluate types, availability, allocation, and sustainability of
energy resources.
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia
• a. Analyze and interpret data to communicate information on the
origin and consumption of renewable forms of energy (wind, solar,
geothermal, biofuel, and tidal) and non-renewable energy sources
(fossil fuels and nuclear energy).
• b. Construct an argument based on data about the risks and benefits
of renewable and nonrenewable energy sources. (Clarification
statement: This may include, but is not limited to, the environmental,
social, and economic risks and benefits.)
• c. Obtain, evaluate, and communicate data to predict the
sustainability potential of renewable and non-renewable energy
resources.
• d. Design and defend a sustainable energy plan based on scientific
principles for your location
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia

Local Sustainable Energy Plan
Learning Target: Students will understand and defend a plausible
sustainable energy plan based on scientific principles for their
geographic location.
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia
Local Sustainable Energy Plan
● Students will design blades for a wind turbine. They will test using
software provided by GSU.
○ They will produce a graph for qualitative analysis.
● Students will create a google slides presentation in google classroom.
○ The presentation will break down what would be the best
combination of energy production to be used for their geographic
location.
○ The students will have to defend their plan in the slides.
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia
Local Sustainable Energy Plan
● Students will research and complete a graphic organizer on the pros and
cons of non-renewable and renewable energy sources.
● Students will view a video clip on resources and physical geography of
southeast Georgia.
● Students will brainstorm in pairs as to which energy sources, besides fossil
fuels, that would be feasible for their geographic location.
○ This will be shared and discussed with the class and teacher.
○ Possibly have a very brief debate on this topic
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia
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Keith Bazemore, Environmental Science
South Effingham High School, Guyton, Georgia
Day 1
Discuss individual
habits in regards to
energy consumption.
Explain key terms.
Take notes with
graphic organizer on
the pros and cons of
various forms of
energy
(non-renewable and
renewable).

Day 2

Day 3

Day 4

Complete wind
energy pros and cons
GO
Discuss different
ways to maximize the
extraction of energy
from wind i.e. blade
pitch and shape, array
variation.
Demonstrate the
power output of a
preconstructed wind
turbine.

Review lab specific
safety rules.
Put students in pairs
to design wind
turbine blades.
Pairs will compete for
highest energy output.

Complete blades.
Test energy outputs
(software supplied by
GSU) for each pair’s
blades.

Day 5
Discussion on
creating graphs
Create graphs
comparing groups
1-4...4-8...9-12.
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North Tattnall Middle School

North Tattnall Middle is a Title 1 school, housing grades 6-8. It is one of two middle schools in
the county.
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Tattnall County Demographics
• Target Audience – Middle School
• 25,353 Total Population
• 346 In Middle school
• 42.3.% Minority (African American,
American Indian, Hispanic, Asian)
• 52.6% minority in school
• 23.7% in Poverty
• 88.7% free and reduced lunch
• 74.4% HS graduate or higher
• 12.3% bachelor's degree or higher
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Ann Mitchem, 7th Grade Math
North Tattnall Middle School, Reidsville, Georgia
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Ann Mitchem, 7th Grade Math
North Tattnall Middle School, Reidsville, Georgia
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Ann Mitchem, 7th Grade Math
North Tattnall Middle School, Reidsville, Georgia

Students will use a provided kit to
construct a turbine and test the power
output.

Students will then use their research and
findings to create a proposal for the
implementation on wind turbines on the
school campus.
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Click Pictures for more info on lesson

Ann Mitchem, 7th Grade Math
North Tattnall Middle School, Reidsville, Georgia
Day 1

Day 2

Day 3

Day 4

Day 5

After the teacher
reviews the necessary
skills and concepts,
the students will
break into groups of
4-5 each. Students
will complete the
brainstorming
worksheet as they
begin research on
wind turbines and
energy. If time
permits, they will
begin designing their
experiment.

Once the teacher
reviews each group’s
brainstorming sheet
and provides
feedback, the groups
will then use that to
begin designing their
experiment using the
Experimental Design
Planning Sheet. If
time permits, they
will begin designing
their turbine blades.

Once the teacher
reviews each group’s
Planning Sheet and
provides feedback,
the groups will then
use that to begin
designing their
turbines and
conducting their
experiment - making
sure to collect data
continuously. If time
permits, they will
begin creating graphs
and reports for their
analysis.

The groups will
complete their
experiment and begin
preparing a report
including research
and data. If time
permits, they will
begin a cost-analysis
comparing the pros
and cons for the
proposal.

The groups will
complete the project
by the end of class and
submit a report to the
teacher through
Google Classroom.
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Riverdale High School

Riverdale High School is a public high school in Riverdale, Georgia. The school is
Title 1 and houses grades 9 to 12 in the Clayton County Public Schools district.
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Clayton County Demographics
• Target Audience – High School
• 284,534 Total Population
• 1,320 in High school
• 90.4% Minority* (African American,
American Indian, Hispanic, Asian)
• 19.6% minority in school
• 21.9% in Poverty
• 99.5% free and reduced lunch
• 84.1% HS graduate or higher
• 19.1% bachelor's degree or higher
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Peter-Claver Nwanze, Physical Science
Riverdale High School, Riverdale, Georgia
Prior Knowledge:
SPS7. Obtain, evaluate, and communicate information to explain transformations and
flow of energy within a system
a. Construct explanations for energy transformations within a system. (Clarification
statement: Types of energy to be addressed include chemical, mechanical,
electromagnetic, light, sound, thermal, electrical, and nuclear.)
b. Go over safety
rules.
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Peter-Claver Nwanze, Physical Science
Riverdale High School, Riverdale, Georgia
SPS10. Obtain, evaluate, and communicate information to explain the
properties of and relationships between electricity and magnetism.
a. Use mathematical and computational thinking to support a claim regarding
relationships among voltage, current, and resistance.
b. Plan and carry out investigations to determine the relationship between
magnetism and the movement of electrical charge. (Clarification statement:
Investigations could include electromagnets, simple motors, and generators.)

Formative & Summative Evaluations
Pretest & Post test.
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Peter-Claver Nwanze, Physical Science
Riverdale High School, Riverdale, Georgia
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Peter-Claver Nwanze, Physical Science
Riverdale High School, Riverdale, Georgia
● Students will brainstorm, design, build, and test wind turbines using the
following materials
○ small electric fan or hair dryer, DC voltmeter, small DC toy motor, cork,
stiff ruler or dowel, electrical wires with alligator clips, rubber band,
scotch tape, paper clips, wire cutters, scissors, pieces of cardboard of
different thickness
The Boy that
Harnessed the
Wind
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Peter-Claver Nwanze, Physical Science
Riverdale High School, Riverdale, Georgia
Students will be assigned to write a two page minimum report on the
method of building and improving their wind turbines, along with their
successive conclusions after watching the videos
Video:
https://www.youtube.com/watch?reload=9&
v=qSWm_nprfqE

https://www.youtube.com/watch?v=KOd6-P
FkEy8
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Islands High School

Islands High School is considered a traditional, community high school with
comprehensive offerings including honors and Advanced Placement (AP)
courses for students in grades 9-12. It is also home to the Savannah-Chatham
school district's Scientific Research and Veterinary Science Specialty programs.
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Chatham County Demographics
• Target Audience – High School
• 289,260 Total Population
• 1,022 in Islands High school
• 51.8% Minority* (African American,
American Indian, Hispanic, Asian)
• 33.3% minority in school
• 17.3% in Poverty
• 28% free and reduced lunch
• 89.3% HS graduate or higher
• 33.2% bachelor's degree or higher
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Jessica Lyons, Environmental Science
Islands High School, Savannah, Georgia
Students will...
• work in groups to conduct research and present advantages &
disadvantages of a renewable energy type
• conduct an investigation on the effect of blade design on energy
output of a wind Turbine
• prepare for an SSI debate on the best form of energy (Renewable
versus Nonrenewable)
• design a Sustainable City
Energy Resource & Consumption
AP Exam weight is 10-15%
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Jessica Lyons, Environmental Science
Islands High School, Savannah, Georgia

Skills:
evaluate, collect, present research; decision-making, problem-solving;
creative thinking and critical thinking; communication and interpersonal
skills; assertiveness and equanimity, resilience and coping with stress;
experimental methods (including collecting data, graphing, lab safety,
etc.)
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Jessica Lyons, Environmental Science
Islands High School, Savannah, Georgia
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Jessica Lyons, Environmental Science
Islands High School, Savannah, Georgia
AP Environmental
Science Skills
identified by
College Board
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Jessica Lyons, Environmental Science
Islands High School, Savannah, Georgia
AP Environmental
Science
Unit 6
Energy Resources and
Consumption and
Unit 9 Global Change
identified by College
Board
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Jessica Lyons, Environmental Science
Islands High School, Savannah, Georgia
Day 1

Day 2

Day 3

Day 4

Day 5

Students will complete an
independent assignment
describing types of
renewable and
nonrenewable energy and
identify advantages and
disadvantages of each.
Students will watch two
videos on petroleum,
coal, oil, and natural gas.
They will then create a
venn diagram and do a
manipulative activity to
list the events of
formation in sequence.

Students will work in
groups and present
information on one type
of energy including: how
we get electricity from
the type of energy, where
this type of energy is
likely to be used, and
advantages &
disadvantages of the
source.

Students will conduct a
lab using the wind
turbines (TBD either
manipulating blade shape
or picking a turbine array
they think is most
effective at generating
energy).

Students will participate
in a SSI debate and learn
perspectives of different
stakeholders (coal
company, oil company,
renewable energy
representative,
community member, etc.)

Students will watch the
TED talk: “Using
Nature’s Genius in
Architecture”. Then,
research and report on
GSU’s energy saving/ s.
As a culminating activity
students will design their
own sustainable
community.
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Plans for Dissemination
• The Georgia STEM/STEAM Forum, Athens, Georgia, October 20-22, 2019
• Georgia Southern Interdisciplinary STEM Teaching and Learning
Conference, Savannah, Georgia, January 31, 2020
• Implementation in the classroom in Chatham, Clayton, Effingham, and
Tattnall counties
• Publications based on research and
classroom implementation.
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